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INTRODUCTION TO ACOUSTIC MICROSCOPY 
A schematic diagram of the acoustic microscope's operation is shown 
in Fig. 1. An efficient, focused transducer was excited with a tone 
burst in order to interrogate the sample of interest. It was also used 
as the receiving transducer in order to detect the echo from the sur-
face. The transducer receives the reflected signal which is rectified 
and filtered to give a signal proportional to the amplitude of the re-
turned signal. The transducer is mechanically scanned in a raster style 
in order to create a two-dimensional acoustic image. This image is then 
displayed on a high resolution color monitor using various pseudo-color 
and grey-level color schemes. 
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Fig. 1. Schematic diagram of the operation of the acoustic microscope. 
Variations in the echo come from two effects. First, changes in 
the surface topography lead to differences in the amount of energy re-
flected back to the transducer. Secondly, the return signal depends on 
the impedance of the surface of the sample. This impedance not only 
depends on the material properties of the surface material, but also on 
the presence of any features that may be below the surface. We were in-
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terested in being able to detect subsurface features, in spite of varia-
tions in the surface topography (i.e., surface roughness). This is an-
alogous to finding hidden caves behind a rock wall by "yelling" at it 
and listening to the echo, even if the wall has many cracks and ledges 
on its surface. 
Eecause of the low impedance of air, water is usually used as the 
coupling medium between the transducer and the sample. More energy can 
be coupled into water than into air from the transducer, as well as from 
water into the samples because of the better impedance match with water. 
By using a higher impedance coupler, smaller changes in the sample's 
surface impedance are detectable. Thus, the above analogy is really 
only accurate if the wall and caves are submerged under water. 
The focus of the transducer is normally located at the surface of 
the sample being scanned. It was found that increased sensitivity to 
subsurface features could be obtained by defocusing, that is by moving 
the transducer closer to the sample so that the focus would be located 
within the sample, assuming the sample did not affect the acoustic 
fields. 
There are primarily three types of waves transmitted into the sam-
ple: longitudinal bulk waves, shear bulk waves, and pseudo-Rayleigh 
surface waves. The longitudinal and shear waves have different velo-
cities, which leads to their being transmitted into the sample at dif-
fering angles because of refraction. Thus, as the transducer is defo-
cused, these components of the transmitted waves are focused at differ-
ent depths below the surface, as shown in Fig. 2. Likewise, the surface 
waves are "focused" at the intersection of the axis of the transducer 
and the sample's surface. Therefore, it is not accurate to say that, as 
the transducer is defocused, the focus has moved inside the sample. 
There are now several focii. 
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Fig. 2. Three types of acoustic waves transmitted into sample. 
Defocusing the transducer, however, increases the concentrations of 
acoustic energy below the surface. If there is a defect below the sur-
face, it will lead to larger changes in the acoustic field, and there-
fore to larger changes in the received echo. Only defects within an 
acoustic wavelength of the surface affect the pseudo-Rayleigh waves be-
cause those waves decay exponentially into the material. Defects fur-
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ther into the sample affect the bulk waves 
where the corresponding focus is located. 
the foci! of the bulk waves, the component 
fected a large amount, leading to a larger 
signal. 
THE TRANSDUCER 
more or less, depending on 
If a defect is near one of 
of the bulk waves will be af-
change in the received 
The transducer we used was very efficient with only a 3 dB two-
way insertion loss. It had an aperture diameter of 16 mm and a focal 
length of 16 mm • Operating at its fundamental center frequency of 
3 MHz , this gave a focal spot size of 500 ~m (at 3 MHz , the acoustic 
wavelength in water is 500 Jlm). The transducer could also be operated 
at its third harmonic, which actually occurred at 10 MHz , giving a 
focal spot size of 150 Jlm • 
h ~ I.Omm 
d ~ 0.2, 0.3, 0.4, 0.5, 
0.6, 0.7, 0.8, 0.9, 
I.Omm 
Fig. 3. Schematic of optically-bonded fused quartz sample with hori-
zontal defects. 
THE SAMPLES OF INTEREST 
The samples we looked at were designed to simulate machined metal 
with various defects below the surface, such as voids and vertical and 
horizontal cracks. In one type of sample, shown schematically in Fig. 3 
(optically bonded sample schematic) a block of fused quartz had its top 
surface polished optically flat and defects machined into the surface. 
Another optically-flat block of quartz was then brought into close con-
tact, and because of intermolecular forces between the two surfaces, it 
bonded directly to the first block. The resulting bond was both optic-
ally and acoustically invisible. In other samples, shown schematically 
in Fig. 4 (vertical crack schematic), defects were machined into vertic-
al faces of blocks of fused quartz, the faces were brought close toge-
ther, and a thin layer of paraffin was drawn between the faces by capil-
lary action to form a paraffin bond only 0.3 ~m thick. This was done 
because optical bonds tend to separate when exposed directly to water, 
which makes a bond that is even more noticeable acoustically than a thin 
paraffin bond. 
487 
h' 0.5mm 
d = 0.2, 0.3, 04, 0.5, 
0.6, 0.7, 0.9, I.Omm 
Fig. 4. Schematic of paraffin-bonded fused quartz sample with vertical 
defects. 
EXPERIMENTAL RESULTS 
Samples with Polished Surfaces 
In earlier work we looked at subsurface defects when the surface of 
the sample was polished smooth. In Fig. 5 (vertical crack sample, on 
focus) note that the smaller defects are barely visible when the image 
is taken with the transducer on focus. As the transducer is defocused, 
the smaller defects show with increased contrast. 
Samples With Roughened Surfaces 
We then looked at the effect of surface roughness on the ability of 
the microscope to detect the subsurface defects. The surfaces of the 
sample were roughened with a coarse polish and the samples were reimaged 
to determine if any degradation of the images had occurred. The surfaces 
of the samples were roughened with diamond powder varying in size from 5 
to 60 vm , which gave corresponding surface roughnesses ranging from 
2-30 vm • These roughnesses are of the same size as those obtained by 
most machining techniques, as can be seen in Table 1. 
At a frequency of 3 MHz (focal spot size of 500 vm), the images 
were unaffected for all roughnesses studied. This is not surprising 
since the dimension of the roughness is less than 1/25 of a wavelength. 
At 10 MHz (focal spot size of 150 vm), the images were virtually 
unaffected up to surface roughnesses of 15 vm • With 30 vm roughness 
and the transducer on focus, the image was visibly degraded. In Fig. 6 
(picture of horizontal cracks, .25 mm below surface, 30 micron surface 
roughness, on focus) notice that the two smaller defects are hard to dis-
tinguish from the random spots produced by the roughening. Notice, how-
ever, that when the transducer is defocused, not only do the smaller de-
fects show increased contrast, the spots from the roughening disappear. 
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Fig. 5. Acoust.ic .images of vertical crack sample with varying defocus 
levels. Note increased contrast as transducer is defocused. 
Table 1. Ranges of roughness dimensions produced by common machining 
techniques. 
ROUGHNESS HEIGHT 
PROCESS 50 25 12.5 &.5 3 .1 2 1.57 0.1 0.4 0 .2 0 .1 005 0.025 O.OOtZ5JJ.m 
2000 1000 500 250 IU &! 32 16 8 4 2 I O.!l,u in 
FLAME CUTTING 
SNAGGING 
SAWING 
PLANING, SHAPING 
DRILL ING 
CHE MI CAL MILLING 
ELECT. DISCHARGE MACH 
MI LL ING 
BROACHING 
RE AMING 
BORING, TURNING 
BARREL F I N ISH ING 
ELECTROLYTIC GRINDING 
ROLLER BURNISHING 
GRIN D ING 
HONING 
POLI SHING 
L APPING 
SUPERFI NI SH ING 
SAN D CAST ING 
HOT ROLLING 
F'ORG lNG 
PERM MOLD CASTING 
INVESTMENT CASTI NG 
EXTRUDING 
COLO ROLLING, DRAWING 
DI E CASTI NG 
KEY 
- AVERAGE APPL I CATI ON 
lZZZZZJ LESS FREQUENT APPLI CATI ON 
THE RANGES SHOWN ABOV E ARE T YPICAL OF THE PR OCESS LI STED 
HIGHER OR LOWER VALU ES MAY BE OBTAINED UNDER SPECIAL CONDITION 
I 
i 
I 
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Fig. 6. Acoustic image of sample with horizonta l defects 0.25 ~m 
below surface. The sample's surface roughness was 30 Jlm 
The images were taken at lO Mllz with varying defocus levels. 
Note the increased contrast with defocusing . The effects of 
the surface roughness also disappear. 
The decreased sensitivity to surface r oughness i s 
because when the t ransducer is defocused, the inc ide nt 
out over the surface of the sample, as seen in Fig. 7. 
average out the effects of the random roughness. 
TRANSDUCER 
to be expected 
beam is spread 
This tends to 
Fig . 7. Acoust i c waves transmitted thr-ough rough sur face. 
CONCLUSION 
\~e have seen that t he ability of a low-frequency acoust i c micr-o-
scope to detect subsurface de fects i s lar-gely unh i nde red by s ma ll r a ndom 
490 
surface roughness, especially when defocusing is employed. This applies 
to roughnesses corresponding to those produced by many machining tech-
niques. Therefore, low-frequency acoustic microscopy appears to be an 
excellent technique for examining machined parts for subsurface flaws, 
in spite of surface roughness created by the machining technique. For 
further study, it would be useful to examine even rougher surfaces to 
determine the limit of the roughness that can be tolerated. 
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